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Abstract 
Recent studies have been carried out to further explain the poorly understood symbiotic relationship 
between bacteria and leaves of certain wood y tropical and subtropical members of the dicotyle donous 
families Rubiaceae and Myrsinaceae. Even though this association has been recognized for about 90 
years, the greater volume of work on bacteria-plant symbioses has been concerned with the many 
economically or ecologically important root-nodulated plants, particularly the legumes. Early studies on 
leaf-nodulated plants have left unsolved the problems of the role and identification of the bacteria and 
exactly how the bacteria are passed from one generation to the next. Some workers have suggested that 
the bacteria are within the plant throughout its complete life cycle and are carried into the next generation 
by way of the seed. The bacteria appear to serve a dual purpose: They fix atmospheric nitrogen like the 
root-nodule bacteria, but unlike root-nodule bacteria the leaf nodule bacteria supply the plant with one or 
more substances which are necessary for normal plant growth. Most of the anatomical and 
bacteriological studies related to leaf-nodule symbiosis have been restricted to only a few species of a 
few genera, namely, Psychotria, Pavetta, and Ardisia. 
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have been operated continuously at and above 
room temperature with continuous power lev-
els in the tens of milliwatts range. Moreover, 
with further development, such continuous-wave 
lasers are expected to be useful as generators of 
wide-band signal carriers for optical communica-
tions. The very narrow active region width used for 
the lowest threshold operation may be disadvanta-
geous for high-power pulsed operation because the 
limiting optical power density at the mirror is 
reached at lower total power levels with these 
lasers than with lasers with wider active regions. 
Large optical cavity laser. Since there are some 
applications for which high-power pulsed opera-
tion is desirable, but for which lower thresholds 
than those achieved with homostructure lasers are 
needed, a heterostructure laser which separately 
confines the carriers and light has been made. 
This laser (part d of the figure) is essentially a 
combination of the single and double heterostruc-
ture lasers described above, and consists essen-
tially of a single heterostructure with an nn hetero-
junction located as illustrated, a short distance 
from the pn junction on then side of the structure. 
In it the electrons are confined between the pn 
homojunction and the pp heterojunction. The opti-
cal field of the recombination light extends past 
the pn junction as it did in the single heterostruc-
ture. Then-type material does not seriously absorb 
the radiation and it is confined at the nn hetero-
junction. The result is that separate confinement 
of electrons and light is achieved, the optical con-
finement region being rather wide. Such devices 
show promise for high-power pulsed operation 
with much reduced catastrophic damage to the 
mirrors as a result of the much larger mirror sur-
face through which the radiation emerges. 
For background information see BAND THEORY 
OF SOLIDS; LASER; SEMICONDUCTOR in the Mc-
Graw-Hill Encyclopedia of Science and Tech-
nology. 
(MORTON B. PANISH) 
Bibliography: Z. I. Alferov et al., Investigations 
of the influence of the AlAs-GaAs heterostructure 
parameters on laser thresholds and currents and 
the realization of cw emission at room tempera-
ture, Physica E. Tech. Poluprov., 4:1826, 1970; 
I. Hayashi et al., Junction lasers which' operate 
continuously at room temperature, Appl. Phys. 
Lett., 17:109, 1970; I. Hayashi, M. B. Panish, and 
F. K. Reinhart, GaAs-AlxGa1_xAs double hetero-
structure injection lasers,]. Appl. Phys., 42:1929, 
1971; H. Kressel, H.F. Lockwood, and F. Z. Haw-
rylo, Low threshold LOC GaAs injection lasers, 
Appl. Phys. Lett., 18:43, 1971. 
Leaf 
Recent studies have been carried out to further 
explain the poorly 1understood symbiotic relation-
ship between bacteria and leaves of certain woody 
tropical and subtropical members of the dicotyle-
donous families Rubiaceae and Myrsinaceae. Even 
though this association has been recognized for 
about 90 years, the greater volume of work on 
bacteria-plant symbioses has been concerned with 
the many economically or ecologically important 
root-nodulated plants, particularly the legumes. 
Early studies on leaf-nodulated plants have left 
unsolved the problems of the role and identifica-
tion of the bacteria and exactly how the bacteria 
are passed from one generation to the next. Some 
workers have suggested that the bacteria are with-
in the plant throughout its complete life cycle and 
are carried into the next generation by way of the 
seed. The bacteria appear to serve a dual purpose: 
They fix atmospheric nitrogen like the root-nodule 
bacteria, but unlike root-nodule bacteria the leaf-
nodule bacteria supply the plant with one or more 
substances which are necessary for normal plant 
growth. Most of the anatomical and bacteriological 
studies related to leaf-nodule symbiosis have been 
restricted to only a few species of a few genera, 
namely, Psychotria, Pavetta, and Ardisia. 
Location of bacteria within plant. Through the 
use of serology and light and electron microscopy, 
the bacteria have been conclusively demonstrated 
within the terminal and lateral vegetative buds, 
flower buds (including the ovule - the future seed), 
and young, expanding, and mature leaves. The 
bacteria invariably are found either between plant 
parts in a mucilaginous secretion or in intercellular 
spaces but never within normal cells. Concentra-
tions of the bacteria (within closed cavities) appear 
in leaves as visible, spherical, or oblong black 
spots called leaf nodules. There are numerous re-
lated species (for example, Coprosma) that have 
open cavities (domatia) containing bacteria. How-
ever, it is not known whether these bacteria and 
their relationship to the plant are similar to the 
leaf-nodule bacteria. 
Bud relationship. Both terminal and lateral veg-
etative buds act as bacterial reservoirs. This 
closed bud system, due to the compactness of 
young overlapping bud parts (leaf primordia), is 
filled with a mucilaginous substance (produced by 
multicellular secretory cells) in which the bacteria 
reside. The bacteria are rod-shaped, capsulated, 
and very similar to those found in the floral buds. 
The young leaves in the bud develop precocious 
stomates (two guard cells and pore) through which 
some bacteria pass into small cavities, and estab-
lish potential future nodules. It is not known 
whether each site of bacterial entrance develops 
into a nodule. When the buds change from the 
vegetative to reproductive state, the bacteria are 
carried into the floral parts and apparently are in-
corporated into the seeds (Fig. 1). 
Leaf relationship. The young leaves expand out 
of the bud, carrying bacteria in closed cavities 
along with mucilage and bacteria adhering to their 
surfaces. It is not known whether surface bacteria 
can later enter the leaf to produce nodules or 
whether all the potential nodules are initiated 
while the young leaves are still in the bud. As each 
leaf increases in surface area, however, more nod-
ules appear, until, depending on the species, sev-
eral to a few hundred nodules are formed either at 
random or in a specific arrangement; for example, 
along the midrib and other veins or on the leaf 
margin (Fig. 2). 
The substomatal cavities (Fig. 3a), where the 
bacteria initially enter the leaf enlarge while the 
surrounding mesophyll cells divide to form a net-
work of cells with numerous intercellular spaces 
(Fig. 3b). A compact layer of mesophyll cells forms 
at the periphery of the network and apparently 
acts as a physical barrier to the spread of bacteria 
throughout the leaf (Fig. 3c). Each nodule is usu-
ally in close contact with a portion of a major or 
minor vein. 























Fig. 1. Proposed cycle of bacterial transmission in leaf-nodulated plants. 
Fig. 2. General arrangements of leaf nodules in nodu-
lated members of the Rubiaceae and Myrsinaceae. 
The bacterial population, at first small (Fig. 4a), 
continues to increase in size and eventually fills 
the intercellular spaces of the nodule network (Fig. 
4b). The bacteria become more irregular in shape 
than observed in the buds and no longer are sur-
rounded by capsules. The increased surface area 
afforded by the cellular network probably facili-
tates the interaction between the bacteria and their 
host plant. Each network cell secretes large quan-
tities of carbohydrate material which is utilized 
by the bacteria. Once the nodule stops increas-
ing in volume, the bacterial population is limited 
in growth and begins to show signs of degener-
ation (such as in increasing numbers of bacterial 
ghosts and masses of bacterial membranes), pre-
sumably because of crowding and waste accumu-
lation. Degeneration continues until near the time 
the leaves fall off the plant (abcission); by this time 
there are no recognizable bacteria within any of 
the nodules (Fig. 4c). These observations have 
been confirmed by the use of a fluorescent micro-
scopic technique localizing ribonucleic acid (RNA) 
in young, mature, and senescing leaves. Bacterial 
RNA fluorescence is highest in young and expand-
ing leaves, decreases (beginning in each nodule 
center) in mature leaves, and finally is absent in 
leaf nodules near the time the leaves drop from the 
plant. It is assumed, therefore, that the greater 
contribution to the symbiosis occurs in the buds 
and young leaves when the bacterial population is 
Fig. 3. Light micrographs demonstrating three stages of leaf-nodule development. 
(a) Stomate and nodule initial (cavity) in leaf primordium. (b) Cross section of young 
nodule with visible bacteria. (c) Mature nodule. 
active and growing. 
Identification of bacteria. Early workers char-
acterized a number of different bacteria inhabiting 
the various leaf-nodulated species. THe more re-
cent and specific application of the antigen-anti-
body (serological) technique, using bacterial iso-
lates from germinating seeds of Psychotria and 
Ardisia, has shown that the same bacterium is 
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Fig. 4. Electron micrographs of portions of the interior of leaf nodules at three 
stages of development. (a) Young nodule with few bacteria. (b) Mature nodule filled 
with bacteria. (c) Old nodule with degenerated bacterial membrane mass. 
present in all leaf-nodulated species tested from 
the genera Psychotria, Pavetta, and Ardisia. How-
ever, bacteria have not been successfully isolated 
and cultured from the leaf nodules. Numerous 
bacteriological and culture techniques were used 
to place the bacterium in the Chromobacterium liv-
idum group (Rhizobiaceae), but the bacterium is 
not identical to those normally found in root-nodu-
lated species. 
So far it has been impossible to satisfy Koch's 
postulates which require that the cultured bacteria 
be reintroduced into a plant free of nodules 
(bacteria) to produce nodules from which the bac-
teria can be isolated and characterized. The diffi-
culty lies in obtaining normal plants free of bacte-
ria for reinfection. A certain percentage of seeds 
from normally nodulated plants do produce so-
called "cripples" which are unnodulated and grow 
poorly (Fig. 1). These cripples either die or revert 
to normal nodulated plants after some time. The 
problem with using the crippled plants, then, is 
that it is impossible to ascertain whether they will 
revert to the nodulated condition on their own. The 
production of unnodulated cripples that die, how-
ever, has led a few workers to speculate that the 
bacteria may, in fact, contribute some substance 
or substances that are necessary for normal plant 
growth. 
Callus cultures. Because of the continued diffi-
culty in obtaining normally nodulated, bacteria-
free plants to test Koch's postulates , current work 
is underway to develop bacteria-free plants from 
callus cultures. Successful calli, on defined media, 
have been established from stem internodes of 
Psychotria punctata and they have been carried 
through a number of subcultures. Roots have also 
been produced from these calli. However, chemi-
cal modifications of the medium have not induced 
bud and whole plant formation as described for 
other tissue culture systems. The Psychotria cal-
lus shows unusual responses to extreme modifica-
tions of the medium, including a high requirement 
for cytokinin and a lack of dependence on exogen-
ous sources of auxin (both control growth in nor-
mal plants). Further study of these results may be 
useful in ·interpreting the bacterial contribution 
necessary for normal plant growth. For example, if 
plants can be formed from the callus by finding 
the correct proportion of defined chemical ingredi-
ents, the next step would be to remove the plants 
from the medium and inoculate some plants, but 
not others, with the cultured bacteria. If the sym-
biosis is obligate, two states would be produced 
experimentally: normal growth with the bacteria, 
and death without the bacteria. 
For background information see LEAF (BOTANY); 
RHIZOBIACEAE in the McGraw-Hill Encyclopedia 
of Science and Technology. 
(HARRY T. HORNER, JR.] 
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